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I 
 
摘要 
  
连续性倒塌是指结构局部构件的破坏导致相邻构件失效,从而引发更多构件
破坏,最后导致结构的整体破坏或出现和初始破坏不成比例的大面积倒塌连琐反
应。国内外对于房屋建筑结构的抗连续性倒塌已经有相应地规范和设计流程，但
桥梁结构的连续倒塌研究较少。虽然房屋建筑关于抗连续性倒塌的成果为桥梁结
构的抗连续倒塌分析提供了很好的借鉴，但不同结构的设计标准、结构物的可靠
指标、荷载取值等方面的要求并不相同。本文结合中承式拱桥的结构特点，对其
由于吊杆破断所引起的抗连续性倒塌机理进行分析，为桥梁抗连续性倒塌性能评
估和相关设计规范提供参考。主要工作包括以下三个方面： 
首先，通过对由于吊杆破断产生的中承式拱桥垮塌事故进行总结与分析，结
合结构连续性倒塌的相关研究进展及各国关于抗连续性倒塌的相关规范条文，分
析了本研究的必要性。同时，总结分析了各类中承式拱桥的结构及构造特点，选
取了三座不同桥道系结构形式的中承式拱桥作为桥例进行进一步分析。 
其次，建立了三座不同桥道系结构形式的中承式拱桥有限元模型，分析了吊
杆发生破断对结构静力特性的影响。结果表明，桥面系为漂浮体系时，吊杆破断
后，相邻段桥面会发生落梁，其余部分不会产生较大影响，发生连续倒塌的可能
性低。为固结体系时，吊杆发生破断后，会对主梁的受力性能产生影响，会有发
生连续性倒塌的可能性。在此基础上，将建筑结构中基于鲁棒性的重要性系数分
析方法运用到中承式拱桥的抗连续性倒塌分析中，讨论了不同位置吊杆的重要性
系数。跨中及 1/4跨处吊杆的重要性系数较大，靠近拱脚处的吊杆重要性系数一
般较小，当该处吊杆发生损伤或破断后，会导致桥面系的连续性倒塌。 
最后，以天圆大桥为研究对象，通过对桥面作用偶然荷载，模拟拱桥吊杆破
断后的结构各部件的时程响应，讨论完好状态及损伤状态下主梁及拱肋应力及位
移的变化情况，并运用简化模型法计算了桥面系抗连续性倒塌安全系数。结果表
明，天圆大桥抗连续性倒塌安全系数较大，由于桥梁由主梁及拱肋共同承载，具
备了一定的“备用荷载路径”。 
 
关键词：中承式拱桥；重要性系数；抗连续性倒塌；吊杆破断；
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ABSTRACT 
 
The progressive collapse refer to the failure of the local members of the structure 
leads to the failure of adjacent components. Finally, it can lead the large scale collapse 
of the disproportionate with the initial small-scale destruction. In domestic and abroad, 
the resistance to progressive collapse of the building structure has been a 
corresponding codes and design process. However, there are few studies on resistance 
to progressive collapse of bridge structures. On the other hand, it makes the bridge 
engineering and researchers consider in many ways. Building structures on the 
resistance to progressive collapse have made a lot of achievements. So it provides a 
good reference for the resistance to progressive collapse analysis of bridge structures. 
But the design standards of different structures, the reliability index, the load values 
and so on are not the same. In summary, this paper analyzes the progressive collapse 
of half-through arch bridge which is based on the characteristics of bridge structure. It 
provides a practical reference for evaluating the performance of resistance to 
progressive collapse of bridges and related design codes. The main work of this paper 
includes the following three aspects: 
First of all, this paper summarizes and analyzes the collapse accident of the 
half-through arch bridge. Meanwhile, the relevant codes of the countries and advances 
in research on structural resistance to progressive collapse are elaborated. Also 
summarizes the progressive characteristics of bridge structures, especially arch 
bridges. Then the three representative arch bridges structure are chosen as the analysis 
objects. 
Secondly, the finite element model of three arch bridges with different bridge 
structures is established. The influence of the breaking of the suspenders on the static 
characteristics of the structure is analyzed. The floating system of arch bridge occurs 
lowering of beam on the adjacent deck .This system has low possibility of progressive 
collapse .When the arch bridge is a consolidation system, it will affect the mechanical 
performance of the main beam .And there will be a possibility of progressive collapse. 
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IV 
Based on the above analysis, the method of the importance coefficient analysis 
based on the robustness of the building structure is applied to the analysis of the 
collapse resistance of the half-through arch bridge. The suspender in the mid-span and 
the 1/4 span position is all important, and there will be greater displacement response 
under the accidental load. 
Finally, the half through arch bridge is chosen as the object. Then simulate the 
time history load of arch bridge suspender breaking response. The stress and 
displacement of the main beam and the arch rib under the non-damage condition and 
damage condition are discussed. And the simplified model method is used to calculate 
the safety factor of resistance to progressive collapse of the bridge deck system. The 
results show that the Tianyuan bridge has high progressive collapse safety coefficient. 
Because the load of bridge is loaded by the main beam and the arch rib. 
 
 
Keywords: Half-through Arch Bridge; Importance Coefficient; Resistance of 
Progressive Collapse; Suspender Breaking. 
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第一章 绪论 
1.1 问题的提出 
拱桥是我国公路上常用的一种桥梁形式。特别是自 1991 年以来在国内钢管
混凝土拱桥的推广应用，我国已经在建或建成多座中下承式拱桥。中下承式拱桥
主要由主拱肋、横向联结系、吊杆及车道系构成。经过吊杆和立柱传递车道系上
的荷载，主拱肋再把这些作用力传到拱座与地基上。因此，吊杆是其重要的传力
构件，多采用钢绞线、平行钢丝束等材料，上下端分别锚固于拱肋及桥面横梁或
纵梁。但是，由于吊杆在随机载荷环境与随机介质环境下的疲劳、应力腐蚀、机
械疲劳等的共同和耦合作用下发生断裂，在国内已经发生多起行车道系部分或全
部垮塌事故。其中小南门大桥、孔雀河大桥、武夷山公馆大桥是具有典型意义的
桥例[1]。 
2001年 11月 7日，宜宾小南门大桥共 8根吊杆在与横梁相连部位突然发生
断裂，致使两岸共 4片横梁及相连的桥面板、人行道坠落江中，图 1-1为该桥发
生桥面系坍塌后的照片。该桥建成于 1990 年 6月，其结构型式为 240 米中承式
钢筋混凝土双肋拱桥，全桥共有 17片横梁利用柔性吊杆与主拱肋相连。 
 
 
图 1-1 宜宾南门大桥垮塌 
 
2011年 4月，新疆库尔勒孔雀河大桥由于主跨第二根吊杆断裂，造成主跨
第三、四、五道矮 T梁掉入河中，致使大桥长约 10米、宽约 12米的桥面发生垮
塌。该桥于 1998年建成通车，是一座 150 米跨径的中承式钢管混凝土拱桥。 
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图 1-2 孔雀河大桥垮塌 
 
2011年 7月，福建省武夷山公馆大桥北侧发生垮塌，造成 1人死亡，22人
受伤。该桥于 1999 年竣工通车,为三跨中承式全长 300米，是悬链线等截面钢筋
混凝土中承式拱桥，跨径组合为(80+100+80)m。事故原因由于桥梁的个别吊杆突
然断裂，剩余结构承载力不足，导致边跨桥面连续倒塌。 
 
 
图 1-3 武夷山公馆大桥垮塌 
 
以上的几座中承式拱桥的桥道系坍塌表明，中承式拱桥的吊杆在温度、车辆
制动力、冲击力等荷载作用下，桥面飘浮体系存在较大的水平位移，而且和跨中
长吊杆相比，短吊杆的刚性又较大、固有频率较高，因而受到的剪切力更大，其
下端处于反复弯剪状态。久而久之汽车冲击荷载作用导致吊杆护筒和筒内砂浆断
裂，使钢绞线或高强钢丝受到大气和雨水的直接侵蚀，发生严重腐蚀，进而会导
致桥面系的坍塌。 
针对中承式拱桥的结构构造特点来说，单根或少数几根吊杆的破断会不会引
起该桥桥道系的连续性倒塌也是在此类桥中应重点关注的问题。如何提高此类结
构的抗连续性垮塌能力，增强结构鲁棒性，才有利于缓和乃至避免因吊杆破断而
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